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OBJECTIVE — Increased levels of vascular endothelial growth factor (VEGF) in human plasma 
samples have suggested that circulating VEGF is a cause of endothelial dysfunction in diabetes 
mellitus. However, artificial release of VEGF from platelets as a source of VEGF in plasma 
samples, as also occurs in serum samples, has not been ruled out in these studies. 

RESEARCH DESIGN AND METHODS— We determined VEGF levels in plasma col- 
lected in both citrate and PECT, a medium that inactivates platelets, in a cross-sectional cohort of 
21 healthy subjects and 64 patients with type 1 diabetes. In addition, we evaluated whether 
VEGF levels in both types of plasma correlated with the presence of diabetes, glycemic control, 
markers of in vivo or ex vivo platelet activation, and degree of diabetic retinopathy and nephrop- 
athy. 

RESULTS — VEGF levels were invariably low in PECT plasma of both nondiabetic and diabetic 
subjects and were unrelated to any other diabetes-related variable studied. In contrast, VEGF 
levels in citrate plasma were 150% higher in diabetic patients than in control subjects and 
correlated with diabetes-related variables. Multiple linear regression analysis showed that levels 
of platelet factor 4, a marker for ex vivo platelet activation, and HbA lc were the independent 
predictors of VEGF levels in citrate plasma. Platelet activation, in vivo and ex vivo, was similar in 
diabetic persons and control subjects. 

CONCLUSIONS — Like serum, citrate plasma is not suitable for reliable measurements of 
circulating VEGF. The low levels of VEGF in vivo, as represented by measurements in PECT 
plasma in our study, do not support a role of circulating VEGF in endothelial dysfunction in type 
1 diabetes. Higher levels of VEGF in citrate plasma samples of diabetic persons do not represent 
the in vivo situation, but mainly originate from higher artificial ex vivo release from platelets 
correlating with the degree of glycemic control. 



Type 1 diabetes mellitus (DM) induces 
systemic endothelial dysfunction, 
even before clinical microvascular or 
macrovascular angiopathies become man- 
ifest (1-5). It is characterized by increased 
vascular permeability and elevated plasma 
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levels of endothelium-derived proteins like 
von Willebrand factor (vWF) (2,3). Endo- 
thelial dysfunction is related to increased 
glycemia, the most important risk factor 
for clinical diabetic angiopathies (3-5), 
but its pathogenesis is unclear. 



Vascular endothelial growth factor 
(VEGF)-A is a potent angiogenic cytokine, 
released by hypoxic cells, activated plate- 
lets, leukocytes, and cancer cells (6-13). It 
increases vascular permeability in vivo and 
activates endothelial cells in vitro , leading to 
protein kinase C activation and release of 
several proteins for which plasma levels are 
elevated in vivo due to diabetic endothelial 
dysfunction (6,14). In cultured endothelial 
cells, VEGF production is induced by high 
levels of glucose and advanced glycation 
end products (15-18). Taken together, 
VEGF may play an important role in the 
pathogenesis of endothelial dysfunction 
(14,16,18). In support of this notion, 
VEGF plasma levels were found to be 
higher in diabetic persons than in control 
subjects (19-22), and a correlation of 
plasma VEGF levels with both diabetic ne- 
phropathy (DN) and proliferative retinop- 
athy has been reported (23-25). 

As VEGF is released by activated 
platelets (7-10), as occurs in serum sam- 
ples, platelet activation during blood col- 
lection could be an artificial source of 
VEGF in plasma samples as well, but 
this possibility was not explored in the 
studies mentioned (19,23,24). VEGF lev- 
els in plasma samples may correlate with 
blood platelet activation at the time of 
blood sampling rather than represent 
the steady-state plasma levels of VEGF 
in vivo. This may explain conflicting re- 
sults in studies of VEGF plasma levels in 
DM and other conditions with endothe- 
lial dysfunction (14,20-22,26-29). 

Artificial ex vivo platelet activation 
during blood collection procedures can 
be largely inhibited by using anticoagu- 
lants to which a mixture of prostaglandin 
Ex and theophylline has been added (e.g., 
PECT medium) (30). When combined 
with measurements for platelet factor 4 
(PF4), a marker for ex vivo artificial plate- 
let activation in blood samples (31), and 
(3-thromboglobulin ((3-TG), a marker for 
in vivo platelet activation (31), PECT 
plasma allows a more accurate estimation 
of the actual levels of VEGF circulating in 
vivo. Using this approach, we have shown 
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Table 1 — Demographic and clinical parameters according to category 



Type 1 DM 





Healthy control 


Without retinopathy 


With retinopathy but 


With retinopathy 






subjects 


and nephropathy, 


without nephropathy, 


and nephropathy, 


P value 




category 1 


category 2 


category 3 


category 4 


(ANOVA) 


N (males) 


21(11) 


21 (10) 


25 (14) 


18(9) 




Age (years) 




32 (19-53) 


42 (26-58) 


43 (30-68) 


0.001 


Diabetes duration (years) 


0 


9.8 ± 9.3 


25.2 ± 7.8 


26.2 ± 6.6 


0.001 




No. using OAC (%) 


6(28) 


6(28) 


14 (56) 


2(11) 


0.066 


No. of smokers (%) 


5(24) 


7(33) 


9(36) 


6(33) 


0.84 


P systolic (mmHg) 


129 ± 15 


126 ± 16 


140 ± 16 


145 ± 21 


0.003 


P diastolic (mmHg) 


78 ± 9 


77 ± 9 


82 + 7 


82 + 9 


0.12 



Data are mean ± SD unless otherwise indicated. OAC, oral anticoagulants; P, systemic blood pressure. 



in a recent study that VEGF levels in the 
circulation of patients with metastasized 
cancer are very low, in contrast to many pre- 
vious reports that were based on VEGF lev- 
els in citrate or EDTA plasma analyses (32). 

In the current study, we compared 
VEGF measurements in blood samples of 
diabetic persons and control subjects 
collected in citrate and PECT medium. 
We investigated: 1) whether VEGF levels 
found in citrate plasma levels were differ- 
ent from those found in PECT plasma; 
and 2) whether VEGF levels in citrate 
and PECT plasma correlate with parame- 
ters of diabetes and endothelial dysfunc- 
tion such as HbA lc levels, glucose levels, 
vWF levels, or with the presence of dia- 
betic retinopathy (DR) and DN. 

RESEARCH DESIGN AND 
METHODS 

Subjects 

Twenty-one healthy subjects (category 1) 
and 64 consecutive patients with type 1 



DM, without DR and DN (category 2; n = 
21), with DRbut without DN (category 3; 
n = 25), or with both DR and DN (cate- 
gory 4; n = 18) participated in the study. 
Retinopathy was defined according to the 
definitions of the Early Treatment Dia- 
betic Retinopathy Study Research Group 
(33); DN was defined as such when albu- 
minuria >30 mg/24 h, when not ex- 
plained by other causes than DM. The 
study was approved by the Medical Eth- 
ical Committee of our institute, and 
patients gave their written informed 
consent (34). 

After an overnight fast and abstaining 
from vigorous physical activity during 
the previous 24 h, patients presented at 
the outpatient clinic between 8:00 and 
10:00 a.m., bringing their 24-h urine collec- 
tion for measurement of urinary creatinine 
and albumin excretion. Demographic and 
relevant medical history data were recor- 
ded: age, sex, diabetes duration, insulin 
dose, comorbidity, medication, and smok- 
ing habits (Table 1). Blood pressure was 



measured with a sphygmomanometer in 
the sitting position: the median of three 
successive measurements was noted. 
Height and weight were measured. The 
degree of DR was scored by an experi- 
enced ophthalmologist (R.O.S.) by fundo- 
scopic examination and examination of 
the clinical charts as no DR (A), nonproli- 
ferative DR (B), preproliferative DR (C), or 
proliferative DR (D), and previous panre- 
tinal photocoagulation therapy was 
noted. Demographic and clinical data 
are given in Table 1 according to the di- 
vision in categories. 

Anticoagulants 

From each patient or volunteer, venous 
blood was taken with a microperfuser 
(diameter 1 mm; Microflex; Vycon, 
Ecouen, France) and divided into different 
tubes. Plastic (polypropylene) blood- 
collection tubes were filled with 400 |xL 
of a solution containing: prostaglandin E x 
(94 nmol/L), Na 2 C0 3 (0.63 mmol/L), 
EDTA (90 mmol/L), and theophyllin (10 



Table 2 — Metabolic and platelet activation parameters according to category 





Category 1 


Category 2 


Catei 


gory 3 


Cate; 


gory 4 


P value (ANOVA) 


Glucose (mmol/L) 


4.7 ± 0.6 


10.8 ± 5.5 


13.1 


± 6.5 


13.7 


± 6.6 


0.001 




Creatinine clearance (mL/min) 


137 ± 22 


137 ± 38 


125 


± 36 


99 


± 42 


0.003 


Albuminuria (mg/24 h) 


9 ± 7 


10 ± 6 


10 


± 8 


584 


± 660 


0.001 


vWF (%) 


77 ± 18 


90 ± 29 


116 


± 27 


120 


± 36 


0.001 


Thrombocytes (10 9 /L) 


263 ± 67 


251 ± 65 


263 


± 59 


277 


± 59 


0.65 


VEGFpect (pg/mL) 


6.1 ± 9.5 


5.4 ± 7.0 


5.0 


± 6.7 


8.1 


± 13.7 


0.76 


VEGF citrate (pg/mL) 


10.4 ± 4.9 


14.9 ± 10.7 


19.4 


± 14.9 


14.3 


± 7.8 


0.047 


PF4 C itrate (pg/mL) 


103 ± 33.8 


96.6 ± 18.8 


102.1 


± 47.5 


111.1 


± 32.3 


0.651 




28.5 ± 8.8 


28.8 ± 7.3 


28.4 


± 6.3 


34.8 


± 7.9 




PF4p ECT (U/L) 


17 ± 19 


14 ± 17 


13 


± 23 


12 


± 26 


0.90 



P-TGp ECT , P-TG in PECT plasma; PF4 C itrate, PF4 in citrate plasma; PF4 PECT , PF4 in PECT plasma; VEGF CITRATE , VEGF in citrate plasma; VEGF PECT , VEGF in PECT 
plasma. *Case subjects with PF4 PEC t <10. 
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mmol/L) (PECT medium). Blood samples 
(4 mL) were collected in these PECT tubes 
in an open system, drop by drop, without 
using a tourniquet to (maximally) avoid 
platelet activation ex vivo. Blood was 
also collected in tubes filled with citrate 
(BD Vacutainers Systems, Breda, the Neth- 
erlands). Blood collected in the PECT and 
citrate tubes was immediately placed on 
ice. Platelet-depleted PECT plasma was 
prepared by spinning for 60 min at 
IJOOg at 4°C within 1 h after collection. 
The citrate blood samples were centri- 
fuged within 30 min for 15 min at l,000g 
to obtain plasma. 

Measurements of metabolic markers 

Plasma creatinine levels were measured 
using an automated spectrophotometrical 
assay using creatininase, glucose with 
automated spectrophotometrical assay 
using glucose dehydrogenase, and glyca- 
ted HbA lc with high-performance liquid 
chromatography. In 24-h urine samples, 
creatinine was measured by the Jaffe 
method, albumin with an immunonephe- 
lometric assay, and renal creatinine clear- 
ance was calculated. 

Measurements of markers of platelet 
activation and endothelial 
dysfunction and VEGF 

Platelet count was determined by auto- 
mated optical scatter detection. Levels of 
vWF antigen (antibodies from Dako- 
Cytomation, Glostrup, Denmark), |3-TG 
(Asserachrom |3-TG; Diagnostica Stago, 
Roche, Almere, the Netherlands), PF4 
(Asserachrom PF 4; Diagnostica Stago), 
and VEGF (R&D Systems, Abingdon, 
U.K.) were determined by ELISA. 

Statistical analysis 

Statistical analysis was performed with 
the computer program SPSS version 12.0 
(SPSS, Gorinchem, the Netherlands). Val- 
ues are given as mean (± SD). Differences 
between subject categories were analyzed 
by ANOVA. Comparison of means for 
variables between non-DM and DM pa- 
tient groups were performed with the Stu- 
dent t test for unpaired data. Pearson 
correlation coefficients were calculated 
between VEGF plasma levels and clinical 
indicators of microvascular complica- 
tions, markers of glycemia, and platelet 
activation. Forward multiple linear re- 
gression analysis was performed with 
VEGF plasma levels as the dependent var- 
iable and those determinants that corre- 
lated in the univariate analysis with P < 
0.10 as independent variables. With 



multiple comparisons, the level of signif- 
icance was set at P < 0.01. 

RESULTS — Table 1 shows that micro- 
vascular complications were related to 
duration of DM and age. Systolic blood 
pressure and use of ACE inhibitors per 
category increased with microvascular 
complications. Glycemic control and fast- 
ing glucose levels increased with DM 
categories (Table 2), and creatinine clear- 
ance, increasing albuminuria, and in- 
creased vWF plasma levels were related 
with DM and endothelial dysfunction 
(Table 2). 

VEGF levels in blood samples 

In PECT plasma, VEGF levels were in- 
variably low in both non-DM and DM 
subjects [mean ± SD (range): 6.1 ± 9.4 
(0-35) vs. 6.1 ± 9.5 (0-45) pg/mL]. 
VEGF levels in PECT plasma did not cor- 
relate with any markers of DM, endothe- 
lial dysfunction, in vivo or ex vivo platelet 
activation, DR, and DN. 

In contrast, VEGF levels in citrate 
plasma were significantly higher in DM 
patients as compared with control sub- 
jects [16.5 ± 12.0 (1-63) vs. 10.4 ± 4.9 
(3-20) pg/mL; P = 0.03; Fig. 1] and cor- 
related positively with HbA lc levels (r = 
0.40; P < 0.0001), fasting glucose levels 



(r = 0.31; P < 0.004), vWF levels (r = 
0.35; P < 0.002), PF4 levels (r = 0.32; 
P < 0.005), DR grade (r = 0.29; P < 
0.007), and previous retinal photocoagu- 
lation (r = 0.34; P < 0.003) (Fig. 2). VEGF 
levels in citrate plasma showed no rela- 
tion with VEGF levels in PECT plasma 
of the same patients, in vivo platelet acti- 
vation, platelet count, smoking, blood 
pressure, or albuminuria. 

Multiple linear regression analysis in- 
dicated that only PF4 and HbA lc levels 
were independent predictors of VEGF 
levels in citrate plasma (regression 
equation of citrate plasma levels was 
VEGF = -7.58 + 1.9 HbA lc + 0.08 
PF4; r = 0.47; P = 0.0002). The residual 
sum of the squares indicated that 22% of 
the variation in VEGF levels in citrate 
plasma was explained by HbA lc and 
PF4 levels in citrate plasma. This indi- 
cates that VEGF in citrate plasma samples 
is derived from ex vivo platelet activation, 
but also that in patients with poor glyce- 
mic control, more VEGF is released ex 
vivo. 

Platelet activation in vivo and in 
blood samples ex vivo 

To further explore the cause of elevated 
VEGF in citrate plasma samples in type 1 
DM, we investigated the contribution of 



r 



p = 0.03 



~i 



non-diabetic 
subjects 



diabetic 
subjects 



Figure 1 — Distribution of VEGF levels in citrate plasma (VEGF CITRATE ; mean indicated by 
horizontal lines) in healthy subjects (N = 21) and patients with type 1 DM (N = 64). 
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Figure 2 — The relationship between VEGF levels in citrate plasma (VEGF CITRATE ) and its putative determinants in healthy subjects and patients 
with type 1 DM: glycated HbA lc (A), PF4 (B), vWF (C) , fasting glucose (D), and previous treatment with panretinal laser photocoagulation (E). 



in vivo platelet activation to VEGF levels 
in plasma. p-TG levels, as a measure of in 
vivo platelet activation (measured in case 
subjects without any ex vivo platelet acti- 
vation as indicated by PF4 level < 10 IU), 
were similar in DM subjects compared 
with non-DM subjects, indicating that 
platelet activation in vivo is not altered 
in type 1 DM. 



In citrate plasma samples, PF4 was 
used as parameter for ex vivo platelet 
activation. PF4 levels were not higher in 
DM subjects as compared with non-DM 
subjects (Table 2), indicating that platelets 
of DM and non-DM subjects are activated 
to a similar extent by blood-collection 
procedures. Taken together, our findings 
indicate that the higher levels of VEGF 



in citrate plasma samples in type 1 diabe- 
tes are caused by higher release of VEGF 
by individual platelets upon activation 
by the blood-harvesting procedure, in par- 
ticular in patients with poorer glycemic 
control. 

Although not correlated with type 1 
DM per se, p-TG levels in PECT plasma 
correlated positively with albuminuria 
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(r = 0.38; P = 0.005), indicating that DN is 
associated with increased platelet activa- 
tion in vivo. 

CONCLUSIONS— The most impor- 
tant finding reported in this article is 
that free VEGF is only present at low 
levels in the circulation, both in DM and 
non-DM subjects, when platelet activa- 
tion is inhibited during blood-sampling 
procedures by the use of PECT. This 
argues against a role of circulating VEGF 
in endothelial dysfunction in type 1 DM. 
Previous studies have suggested such a 
role on the basis of VEGF levels found in 
citrate or EDTA plasma (19,23,24). We 
demonstrate in this study that the two- 
to threefold higher VEGF levels in citrate 
plasma compared with PECT plasma, as 
were reported in the literature (19,23,24) 
and confirmed in the current study, orig- 
inate from artificial ex vivo release of 
VEGF in plasma samples. The main sour- 
ces of VEGF in blood are activated plate- 
lets and leukocytes (10,11), whereas in 
PECT medium, platelet activation but 
not leukocyte activation is inhibited 
(30). Therefore, our results suggest that 
activated platelets are the main source of 
VEGF in citrate plasma samples. The 
strong correlation between citrate plasma 
levels of VEGF and PF4, a marker for ex 
vivo platelet activation (31), confirms this 
conclusion. 

These observations are in line with 
results from our recent study (32) in can- 
cer patients in whom levels of circulating 
VEGF, reported by others as a biomarker 
for angiogenic activity (35), were studied 
in PECT plasma compared with citrate or 
EDTA plasma (32). This study indicated 
that levels of freely circulating VEGF are 
not elevated in the majority of cancer pa- 
tients with widespread metastases. Only 
patients with renal cell carcinoma, a can- 
cer type characterized by excessive VEGF 
production due to a specific genetic de- 
fect, showed elevated circulating VEGF 
levels. In addition, this study indicated 
that the elevated plasma VEGF levels in 
cancer patients previously reported by 
others can be explained by release from 
platelets with an increased VEGF content, 
activated during the blood-harvest proce- 
dure (32,36). 

As in cancer patients, levels of VEGF 
in citrate plasma samples were signifi- 
cantly higher in patients with type 1 DM 
than in non-DM subjects. In multivariate 
analysis, only HbA lc and PF4 were found 
to be independent determinants of 
VEGF levels in citrate plasma. As platelet 



activation in vivo was not increased in our 
DM subjects as compared with non-DM 
subjects, the correlation of VEGF levels 
with PF4 indicates that ex vivo release of 
VEGF from platelets activated during 
blood sample collection is an important 
source of VEGF in citrate plasma samples. 
The independent correlation between 
VEGF and HbA lc , which has not been re- 
ported previously, suggests that in type 1 
diabetes, poor glycemic control alters in- 
dividual platelets in such a way that more 
VEGF is released upon activation. This is 
in line with our study in cancer, which 
showed that elevated levels of VEGF in 
citrate plasma samples could be explained 
by an increased VEGF content of individ- 
ual platelets in patients with metastatic 
cancer (36). We can only speculate what 
these results mean for the understanding 
of a possible role of VEGF in endothelial 
dysfunction in type 1 DM (4,5), but the 
possibility of higher release of VEGF from 
individual platelets in tissue capillaries in 
patients with poor glycemic control 
should be explored as a potential contrib- 
utor to endothelial dysfunction in diabetic 
patients (37). 

However, the low levels of VEGF in 
PECT plasma indicate that efficient mech- 
anisms exist in the circulation to remove 
or inactivate this potent cytokine (38). 
One of these may be elevated levels of 
the soluble VEGF receptor sFLT-1 in 
DM (21), but platelets may also have a 
role in this respect. In fact, studies of 
VEGF in blood in cancer patients not 
only suggest that platelets are a carrier of 
VEGF, but also that platelets may act as 
scavengers of free VEGF in the circulation 
(8- 10,36). Another explanation of our re- 
sults is therefore that individual platelets 
in type 1 DM carry more VEGF that has 
been scavenged after being produced in 
tissues, possibly induced by high plasma 
levels of glucose and/or advanced glyca- 
tion end products (15-18,39). This ex- 
planation is supported by our finding 
and that of others that in patients with 
proliferative DR, in whom high amounts 
of VEGF are produced in the eye (6), par- 
ticularly high VEGF levels were found in 
citrate plasma (25) but not in PECT 
plasma and by our observation that in- 
creased in vivo platelet activation in pa- 
tients with established DN was not 
associated with an increase in VEGF levels 
in PECT plasma. 

In conclusion, 1) the low levels of 
VEGF in vivo as determined in PECT 
plasma do not support a role of circulat- 
ing VEGF in endothelial dysfunction in 



type 1 DM; 2) platelet activation in 
PECT plasma (ex vivo) or in vivo is not 
increased in DM in general, but platelet 
activation in vivo is associated with DN; 
3) VEGF in citrate plasma mainly origi- 
nates from artificial ex vivo release by ac- 
tivated platelets, and the higher levels 
previously reported in DM appear due 
to increased release of VEGF by platelets 
related to poor glycemic control; and 4) 
VEGF plasma levels have to be measured 
while avoiding ex vivo platelet activation. 
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